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Introduction 1
The goal of this paper is to extract analytic formulas relating the 2 friction factor λ = −d (dp/dx) / ρŪ 2 /2 to the Reynolds number derivation and satisfies the approximate self-consistency (overlap)
condition. This theoretical bias has been allowed to obscure the fact 24 that the experimental data unequivocally militate in favor of the 25 power law (1.1). . . .
26
It is generally thought that the universal logarithmic law (1.2) 27 is in satisfactory agreement with the experimental data both in erly taken into account. Indeed, Schlichting, following Nikuradse, 32 showed that the experimental data agree with the scaling law over 33 practically the whole cross-section of a pipe. . . . 
Experimental data

45
The data we use comes from three sources: (1) and in tabular form in Table 1 of MSZDS [4] . They note that
56
The Princeton (Zagarola and Smits (1998) , [4, 6] nitrogen, carbon dioxide and sulphur hexafluoride are used for Reynolds number (Re) in rough pipes [1] . The dark points on the bottom envelope of curves which depend on roughness do not depend on roughness (i.e. λ = f (Re)) and can be said to be effectively smooth. in effectively smooth rough pipes ( [1] , see Figure 1 ). The data for turbulent flow in effectively smooth pipes coincides with the data from smooth pipes. is derived from an extended theory (incomplete similarity) of 
Classical logistic dose response curve
46
The logistic function is one of the oldest growth functions and a best candidate for fitting sigmoidal (also known as ''logistic'') agronomy (see [9] ).
5
A typical 5-parameter logistic dose response curve is given by To our knowledge the first studies using logistic dose curve fit- 
17
We shall call the correlation of data which can be described x because discontinuous derivatives are required at such points.
37
However, functions with discontinuous derivatives can be closely 
Here we show how to construct logistic dose curves (see Eq.
52
(4.2)) for complicated data which can be described by piecewise 
Threshold values x c of the independent variable x 90
We have found that the independent variable x is sensitive to is located in region x. We shall show that logistic dose function of 28 P 1 and P 2 cannot pass through any data points in region x.
U N C O R R E C T E D P R O O F
29
After P 1 and P 2 are determined, we can easily obtain the crossing into the following logistic function of P 1 and P 2 .
(4.3)
34
• We tentatively choose the point A (η 1 , φ 1 ) which is located right 35 on the power law P 1 (see panel (b) in Fig. 7 ). It follows that
(4.4)
38
It follows that P 2 (η 1 ) = φ 1 and P 1 = P 2 . Only the point 39 of intersection can satisfy this condition but it is not near the 40 transition segment.
41
• Similarly, if we choose point B (η 2 , φ 2 ) which is located on the 42 power law P 2 , we have
(4.5)
45
Therefore P 1 (η 2 ) = φ 2 giving rise to the same problem of point
46
A (η 1 , φ 1 ).
• If we choose a point C (η 3 , φ 3 ) in region x but at the left side of 48 η = η c , we obtain
50
It follows that
However, the LHS of Eq. (4.6) is always positive, but the RHS 53 of (4.6) is negative because P 2 (η 3 ) < P 1 (η 3 ) and φ 3 > 54 P 1 (η 3 ). Parameters m and n cannot be found to resolve this 55 contradiction at (η 3 , φ 3 ).
56
• If we choose a point D (η 4 , φ 4 ) in region x but at the right side 57 of η = η c , we obtain Eq. (4.8) is the rational fraction formula for the data in Table 1 with-95 out considering the last 10 points.
96
The correlation in Eq. [15] . The four panels are: (a) the raw data are identified by ∧ three power law segments and two transition segments, (b) for segments 1 and 3, two power laws P 1 and P 2 are identified, (c) P 1 and P 2 are modified to P 1 and P 2 so that Eq. (4.3) can be processed to fit the points on or nearby the transition segment, (d) the ∧ logistic dose function is constructed as a rational fraction of P 1 and P 2 after m and n are determined (the fitting errors for segments 1, 2 and 3 are less than 1.9% or 0.9% if the first three points are not considered). the error of their best log formula (see Fig. 10 ). We might hope that the quality of our method of logistic dose 1 curve fitting can be improved to arbitrary accuracy, modulo ex- Eq. (A.1). However, as a practical matter, the implementation of 5 fitting more and more power laws is more and more difficult. connecting power laws (see Fig. 11 ). smooth and effectively smooth pipes 12 We conclude our analysis with a comparison of our rational response curve can be expressed as 
where the critical Reynolds number Re c is 2900. Similarly, another logistic dose function for the two subsections 1 on the right side is given by
where the critical Reynolds number Re c is 240 000 (see Fig. A.3 ). This leads to the following rational fraction of power laws:
where the critical Reynolds number Re c is 3050 (see Fig. A.4) . is given by
where the threshold value of Reynolds number Re c = 240 000. The fitting curve λ in Eq. (A.9) is shown in Fig. 8 . A zoom-in plot of 
